Now a day modern power industry is facing the problem of voltage instability due to stressed conditions and heavy load .The main cause for the voltage instability is the in sufficient reactive power at the load buses of the system. This paper deals with the problem of reactive power reserve management and voltage collapse point enhancement and loss reduction. Simulation is performed on the IEEE30 and 57 bus systems under Neuton Rapson (NR) and particle swarm optimization (PSO) methods. Additional reactive power injected by the optimally placed FACTS device (SVC) in the load bus reduced the reactive power generation of the generators and decreased the losses. The reduced reactive power generation of the generators increased the reactive power reserve management and enhanced the voltage collapse point. It is visible from the result that the optimal sizing and positioning of SVC in the PSO method is improving the reactive power reserve and enhances the voltage collapse point in a better level comparatively NR method.
INTRODUCTION
Voltage collapse is the phenomenon of the voltage instability in the power system. This happen when the system is gradually loaded to the maximum load condition in such a way that the voltage magnitude to decrease gradually [1] .Voltage magnitude alone will not give a good indication for voltage collapse point or maximum loadability limit or voltage stability limit [2] .An effective voltage collapse point index indicates how far the current operating condition is from voltage collapse and witch buses are the most vulnerable. Many voltage collapse prediction methods have been presented to identify the distance to voltage collapse.
Antonio et al. [3] proposed a voltage collapse index known as full sum QV based on / Qi Vi .The main problem is that the voltage, on its own, is often a poor indicator of voltage instability. Voltage stability index determines how far from voltage collapse the system is, and can be used for activating pre defined protective measures at the most critical buses in the system. In general, loads are dependent on bus voltage. Also, it is known that load dynamics greatly affect the voltage stability. Since voltage dependent loads play a very important role in voltage stability. The static voltage stability is primarily associated with the reactive power support. Voltage stability index proposed in [4] is based on the facts that with increase in load at a load bus the diagonal elements (∂Qi/∂Vi and ∂Pi/∂δi) of the load flow Jacobian matrix reduces. This reduction is quite considerable as the voltage collapse point is approached. The proposed index uses this change in value of diagonal elements ∂Qi/∂Vi and ∂Pi/∂δi of the Jacobian matrix. The bus voltage stability index proposed in [4] has been used in this work to determine the voltage collapse distance, because the threshold value is always 0.5 which is given in equation (1) . Voltage collapse typically occurs on power system while it is heavily stressed. It may or may not be initiated by a disruption, but is usually characterized by shortage of fast-acting reactive reserves.
Reactive power demand generally increases with load increase. The fast reactive sources are generators, synchronous condensers and power electronics-based flexible ac transmission systems (FACTS) devices. During voltage emergencies, reactive resources should be activated to boost transmission voltage levels. This action will increase the reactive reserve and decrease the losses of transmission lines. It is wise to keep enough reserves in order to improve the voltage stability margin. Reactive power reserve has always been linked with voltage stability. Author in [5] discusses a reactive management program for a practical power system. The author discusses a method to supply reactive power during demands by installing properly sized and located capacitor banks which will allow generating units to operate at or near unity power factor. However, it is a cost-intensive proposition. Besides, this strategy is not always very effective since not all the shunt capacitors are fully utilized. In this paper FACTS devices (SVC) is optimally incorporated in the buses to adjust the reactive power and maintain the voltage within the limit by improving the reactive reserve when the load is increased gradually. The reactive power reserve of the generator is given in equation (2 
STATIC VAR COMPENSATOR
Static Var Compensator (SVC) as in [6] is one of the simple controllers based on Power Electronics and other static devices known as FACTS (Flexible AC Transmission Systems) Controllers which could be used to increase the capacity and the flexibility of a transmission network. The electric power quality at the low voltage level is affected, in great deal, by the disturbance due to switching actions or faults that happens in the power system at the middle and low voltage levels. SVC is one of the best devices to improve the voltages profile by providing the necessary reactive power in the load buses. Claudio et al. [7] proposed the steady state models of SVC and TCSC for the voltage collapse point improvement problem. In this the modeling of the devices and selecting the ranges are found difficult. C.J.Parkar in [8] used many devices to achieve reactive power reserve, it increased the installation cost. Muhammad Waseem Younas and Suhail A. Qureshi in his work [9] installed SVC of different ranges to increase the voltage collapse point. He concluded that SVCs of smaller ranges are suitable to use in the compensation. FACTS devices based on thyristor controlled reactor (TCR) such as static var compensators (SVC) and thyristor controlled series capacitor (TCSC) are being used by several electric utilities to compensate their system [10] [11] . SVC is more suited in reactive power adjustment when connected in the load buses than in the lines with the susceptance property. The basic structure of SVC is shown in figure1.In the steady state model if an SVC is connected to a particular bus "l" then the injected power at that bus is given by Qi Qsvc 
PARTICLE SWARM OPTIMIZATION
Particle swarm optimization (PSO) method is a member of wide category of population based methods for solving the optimization problems. Each particle in PSO moves through the search space with an adaptable velocity that is dynamically modified according to its own moving experience with the other particles. In PSO each particle strives to improve themself by imitating traits from their successful peers. Further, each particle has a memory and hence it is capable of remembering the best position in the search space ever visited by it. The position corresponding to the best fitness is known as pbest and the overall best out of all the particles in the population is called gbest.
The features of the searching procedure can be summarized as follows [12] :
Initial positions of pbest and gbest are different. However, using the different direction of pbest and gbest, all agents gradually get close to the global optimum. The modified value of the agent position is continuous. However, the method can be applied to the continuous and discrete problem using grids and its velocity.
There are no inconsistencies in searching procedures even if continuous and discrete state variables are utilized with continuous grid positions and velocities. The modified velocity and position of each particle can be calculated using the current velocity and the distances from the pbest j,g to gbest g as shown in the following formulas [13] : , 
Where n = number of particles in the swarm; m = number of components for the vectors v j and x j ; t = number of iterations The index of best particle among all of the particles in the swarm is represented by the gbest g . In PSO, each particle moves in the search space with a velocity according to its own previous best solution and its group"s previous best solution.
The velocity update in a PSO consists of three parts; namely momentum, cognitive and social parts. The balance among these parts determines the performance of a PSO algorithm. The parameters c 1 and c 2 determine the relative pull of pbest and gbest and the parameters r 1 and r 2 help in stochastically varying these pulls. In the above equations, superscripts denote the iteration number. In this work C 1 and C 2 are selected as 2.5 and1.5 respectively, rand1 and rand2 are randomly selected between (0, 1) the inertia weight calculated
Fig 2: Flow chart of the PSO Algorithm
using the formula (7) as in [14] . Swarm Size is 10 and iteration 100. Y.Del. 
PROBLEM FORMULATION
The objective function "J" is to minimize the voltage deviation, real and reactive power losses. The real and reactive power loss calculations are as in [16] . The active and reactive power losses of the transmission network depend on Rij , Xij , Zij and ΔV ij . Voltage drop ΔV ij is the drop across the line segment connecting bus "i" and "j". When the voltage along the line changes, the real and reactive power losses also fluctuate.
Where Rij is the resistance Xij is the reactance and Zij is the impedance of the line connecting bus "i" and "j", pf1,pf2
and pf3 are the penalty factors, V j is the j th bus voltage and
The minimization problem is subject to the following equality and inequality Constraints:
where "i" and "j" are buses and N=number of buses (ii) Voltage Constraints:
(iii) Reactive Power Generation Limit:
(vi) Transmission line flow limit: 
SIMULATION RESULTS
Simulations are carried out on IEEE 30 and 57 bus systems. The aim of the simulations is to provide the reactive power reserve and to enhance the proximity to voltage collapse point for increasing the maximum load ability point. For this purpose, the system load was gradually increased from the base case. Because of the similarity in the output wave forms only few are shown.
Case 1:IEEE30 bus Systems
The system was loaded from its base case up to load factor (LF) of 1.4 and with an X/R ratio of 4, in (Neuton Rapson) NR and PSO methods. Table 1 shows the total real and reactive power generation (P gT ,Q gT ) of the system, individual generators reactive power generation (Q g2 ,Q g5 .Q g8 ,Q g11 ,Q g13 ), total real and reactive power losses (P Tloss , Q Tloss ), SVC size and bus location. In PSO method the reactive power generation is lesser than the NR method for the proper location and size of SVC. It is approximately 20 percent from the maximum reactive power limit. The real and reactive power losses are 0.415 MW and 3 MVAR respectively in PSO method which is comparatively lesser than the NR method. The different SVC size and bus locations shown in the When the load is increased in PSO method the voltage is well within the specified level and none of the generators are violating which is below the limit in NR method. The indices and power factor of the system buses under loaded conditions are given in table5 and figures (8&9) show the indices wave forms in the load buses. The bus voltage indices are always close to 0.498 not decreasing below the threshold value and the power factor is above 0.8. Table 2 gives the individual generators (Q g2 ,Q g5 ,Q g8 ,Q g11 ,Q g13 ) reactive power generation, real and reactive power losses (P Tloss , Q Tloss ), system total real and reactive power generation (P gT , Q gT ),SVC size and bus position under generator outage condition in PSO method. It is not possible to operate under generator outage condition in NR method. Table 4 shows the voltage under generator outage contingency condition in PSO method. The reactive power injected by the SVC device placed in the load bus manages the reactive power requirement and voltage profiles under the generator outage condition.
Case 2: IEEE 57 bus Systems
The system was loaded from its base case to a load factor of 1.3 and with an X/R ratio of 4 in NR and PSO method the voltages are tabulated in table 7. When the load is increased from its base value to 1.3 LF in NR method buses 29, 30, 31 and 32 are going out of voltage level and also generator 9 is violating from its Q gen limit. When the load is increased in PSO method bus voltages are well within the specified limit and none of the generators are violating. Table 6 shows the reactive power generation of individual generators (Q g2 , Qg3, Qg6, Qg8, Qg9, and Qg12), total real and reactive power losses (P Tloss , Q Tloss ), total real and reactive power generation 
